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Abstract
Background: Globally, illness and life expectancy follow a social gradient that puts people of lower socioeconomic
status (SES) at higher risk of dying prematurely. Alcohol consumption has been shown to be a factor contributing
to socioeconomic differences in mortality. However, little evidence is available from low- and middle-income countries.
The objective of this study was to quantify mortality attributable to alcohol consumption in the adult (15+ years)
general population of South Africa in 2015 by SES, age, and sex.
Methods: A comparative risk assessment was performed using individual and aggregate data from South Africa
and risk relations reported in the literature. Alcohol-attributable fractions (AAFs) and alcohol-attributable mortality
rates were estimated for cause-specific mortality by SES, sex, and age. Monte Carlo simulation techniques were
used to calculate 95% uncertainty intervals (UI).
Results: Overall, approximately 62,300 (95% UI 27,000–103,000) adults died from alcohol-attributable causes in
South Africa in 2015, with 60% of deaths occurring in people in the low and 15% in the high SES groups. Age-
standardized, alcohol-attributable mortality rates per 100,000 adults were highest for the low SES group (727
deaths, 95% UI 354–1208 deaths) followed by the middle (377 deaths, 95% UI 165–687 deaths) and high SES
groups (163 deaths, 95% UI 71–289 deaths). The socioeconomic differences were highest for mortality from
infectious diseases.
People of low SES had a lower prevalence of current alcohol use but heavier drinking patterns among current
drinkers. Among men, AAFs were elevated at low and middle SES, particularly for the middle and higher age
groups (35+). Among women, AAFs differed less across SES groups and, in the youngest age group (15–34),
women of high SES had elevated AAFs.
Conclusions: Alcohol use contributed to vast socioeconomic differences in mortality. Where observed, elevated
AAFs for people of low and middle SES arose from higher levels of consumption among current drinkers and not
from the prevalence of current alcohol use per se. The findings can direct preventive measures and interventions
on those at highest risk. Future research is needed to investigate socioeconomic differences in the risk functions
relating alcohol use to cause-specific mortality.
Keywords: Alcohol consumption, Mortality, Burden of disease, Inequalities, Socioeconomic status, South Africa
* Correspondence: mariecharlotte.probst@gmail.com
1Institute for Mental Health Policy Research, Centre for Addiction and Mental
Health (CAMH), 33 Russell Street, Toronto, ON M5S 2S1, Canada
2Institute for Clinical Psychology and Psychotherapy, Technische Universität
Dresden, Chemnitzer Str. 46, 01187 Dresden, Germany
Full list of author information is available at the end of the article
© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Probst et al. BMC Medicine  (2018) 16:97 
https://doi.org/10.1186/s12916-018-1080-0
Background
Globally, illness and life expectancy follow a social gradi-
ent that puts populations of poorer countries [1, 2], as
well as persons of lower socioeconomic status (SES)
within a country, at higher risk of dying prematurely [3,
4]. Alcohol consumption has been found to contribute
to the socioeconomic differences in mortality within
countries [5, 6]. However, most of this research has fo-
cused on high-income countries, and thus may not apply
to the situation of low- and middle-income countries
such as South Africa.
The latest estimates by the World Bank showed that, in
2010, over half of the South African general population
lived below the national poverty line, despite South Africa
being an upper middle-income country [7]. However, with
a Gini coefficient of above 60, South Africa is among the
countries with the highest inequalities in income and
wealth worldwide [7]. Not least due to the history of colo-
nialism and apartheid, socioeconomic differences in South
Africa are heavily intertwined with race [8].
In 2016, only approximately 20% of women and 50%
of men were current drinkers [9]. However, the preva-
lence of heavy drinking occasions among the current
drinkers was found to be high, with 20% among women
and 45% among men. Furthermore, per capita consump-
tion in South Africa in 2010 was almost double that of
the regional average, indicating high levels of consump-
tion among current drinkers [10].
Socioeconomic inequalities in health and mortality have
been found within countries around the world [3]. None-
theless, studies rarely went beyond quantifying relative or
absolute measures of inequality in (all-cause) mortality be-
tween the socioeconomic groups [3, 11, 12] or reporting
cause-specific deaths in socioeconomic strata without
consideration of alcohol exposure beyond the investiga-
tion of fully alcohol-attributable causes of death such as
alcoholic liver cirrhosis [6, 13]. Current comparative risk
assessments, on the other hand, quantify the impact of
risk factors in subgroups defined by age and sex but not
for distinct socioeconomic strata [14, 15].
The objective of the present study was to investigate the
mortality attributable to alcohol use in different socioeco-
nomic groups in South Africa. Specifically, the aim was to
estimate alcohol-attributable fractions (AAFs) and mortal-
ity rates attributable to alcohol consumption stratified by
SES, sex, and age in South Africa in 2015. It was expected
that alcohol use contributes to the socioeconomic differ-
ences in mortality, with elevated AAFs among persons of
lower SES.
Methods
Study design
A comparative risk assessment was performed for the
adult (15+ years) general population of South Africa in
the year 2015, using individual data, aggregate data, and
risks relations reported in the literature [16, 17]. A sche-
matic overview over the data sources used in the three
main steps of calculation is shown in Fig. 1.
All calculation steps were performed for sociodemo-
graphic subgroups defined by SES, age, and sex. SES was
measured through an asset score [18–20], incorporating
information on ownership of household assets such as a
refrigerator, TV, or car as well as access to water, sanita-
tion, and electricity. Asset scores were calculated using
Multiple Correspondence Analysis [21, 22], resulting in
three approximately equally sized groups representing
high, middle, and low SES. Details on the calculation of
asset scores are presented in the Additional file 1.
Age was measured in 5-year age groups for all metrics
of mortality and 20-year age groups (15–34, 35–54,
and > 55 years) for exposure to alcohol and the respective
AAFs.
Exposure to alcohol was categorized into lifetime abstin-
ence (never used alcohol), former drinking (no alcohol
consumption in the past 12 months), current drinking,
and binge drinking (5+ standard drinks per usual occa-
sion). The level of exposure was quantified in average
grams of pure alcohol per day among current drinkers.
Risk relationships between exposure to alcohol and
cause-specific mortality were taken from Rehm et al. [23]
(see also [24]). Based on the results of a large representa-
tive study on South Africa [25], an interaction effect was
modeled for testing HIV positive in a way that, in addition
to the main effects of current alcohol use and SES, an
interaction variable for alcohol use * SES was added to the
equation. This interaction effect was accounted for in the
current comparative risk assessment, leading to an
Fig. 1 Schematic overview of the data sources and relative risks used
in the calculation steps. A subgroup was defined by socioeconomic
status, age, and sex. DSA Demographic Surveillance Area, GISHA Global
Information System on Alcohol and Health, IHME Institute for Health
Metrics and Evaluation, NIDS National Income Dynamics Study, SES
socioeconomic status, WHO World Health Organization
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increased relative risk for current drinkers of low SES
when calculating the AAFs. For more details on the imple-
mentation see Probst et al. [26].
In total, 19 cause of death categories were investigated,
including communicable diseases, namely HIV/AIDS, lower
respiratory infections, and tuberculosis; non-communicable
diseases such as ischemic heart disease, hemorrhagic stroke,
or diabetes; and all injuries (for details see Additional file 1:
Table S1). Causes of death were selected to include all
major causes of death for which alcohol use has been
shown to be a causal risk factor [23].
Data sources
Secondary, individual-level data on alcohol consumption
in each sociodemographic subgroup came from the Na-
tional Income Dynamics Study (NIDS) [27]. The survey
was conducted from October 2014 to August 2015, with
an overall response rate of 86.5%. After removing 4078
observations with missing data on age, sex, SES, alcohol
use, or survey weights, the sample comprised 22,741
adults (15+ years) with complete data. Although the sur-
vey was designed to be nationally representative, given
the household sampling frame, some populations, such
as homeless people, were excluded (for details see
Additional file 1).
Alcohol use was assessed as usual frequency (ranging
from never to daily) and quantity (number of standard
drinks per occasion ranging from 1 or 2 to 13 or more).
Asset variables and the generation of the asset score
using NIDS data are described in Additional file 1.
The aggregated total adult per capita consumption in li-
ters of pure alcohol in 2015 (9.5 L) was obtained from the
World Health Organization (WHO) Global Information
System on Alcohol and Health [28]. In order to account
for possible underreporting in medical epidemiological
studies and for alcohol that was produced and sold but
not consumed, 80% of the total adult per capita consump-
tion was used [29].
Cohort data containing information on cause of death,
age, sex, and SES were obtained from the Demographic
Surveillance Area (DSA) of the Africa Centre for Health
and Population Studies for the years 2000 to 2014 [30,
31]. The open cohort covering approximately 11,000
households was based on a full assessment of a predom-
inantly rural area in the Umkhanyakude district of
KwaZulu-Natal, comprising also periurban informal set-
tlements and a township. After removing 923 partici-
pants for which at least one of the relevant variables
were missing, the sample comprised 87,029 adults,
757,404 person-years and 23,002 deaths. Each household
was visited at least twice a year. The cause of death was
established using verbal autopsies [32] and information
on household assets and basic services was obtained in
face-to-face interviews. The earliest observation with
information on household assets was used as baseline
asset score. Details on generating the asset score are de-
scribed in Additional file 1. In order to correct for the
predominantly rural population of the study area of the
DSA data, the asset score was ‘projected’ onto nationally
representative data. This was done by sub-setting the na-
tional survey data to rural and periurban areas of
Kwazulu-Natal and using the percentiles that corre-
sponded to the tertiles of the national distribution as
cut-offs to split the asset score of the DSA data [26].
Aggregated death counts on the national level in 2015
by cause of death, 5-year age group, and sex were ob-
tained from the Institute for Health Metrics and Evalu-
ation [33]. Population counts were based on estimates
from the Community Survey 2016 [34].
Data analysis
Step 1: AAFs represent the proportion of deaths that
would not have occurred in the hypothetical counterfac-
tual scenario of everyone being a lifetime abstainer.
AAFs were calculated by combining the level of expos-
ure to alcohol with the cause-specific mortality risk re-
lated to the exposure [29].
Measures of exposure to alcohol by sociodemographic
subgroup were calculated using NIDS data. The average
grams of pure alcohol per day among current drinkers
were calculated using the standard quantity-frequency
approach [35]. In order to account for the underestima-
tion of the grams of pure alcohol per day based on sur-
vey data [36], information on the relative quantity
consumed by each sociodemographic subgroup (based
on NIDS data) were combined with the aggregated total
adult per capita consumption in liters of pure alcohol
(taken from the WHO Global Information System on
Alcohol and Health). The standard triangulation tech-
nique of the Global Burden of Disease study and WHO
Global Status Reports was used [29, 37].
Step 2: AAFs were applied to cause-specific death
counts in each subgroup. As the aggregate Institute for
Health Metrics and Evaluation death counts were only
available by age and sex, hazard ratios (HRs) were used
to split death counts in each subgroup by SES. The HRs
were derived from DSA data using Cox proportional
hazards survival analyses for specific causes of death as
well as broader cause categories, adjusting for age at
baseline and sex. A sensitivity analysis was performed to
examine the stability of the results when using a simple
tertile-split asset score for calculating HRs (i.e., without
projection onto the national distribution). Details on the
HRs are shown in Additional file 1: Table S2.
Step 3: In order to calculate alcohol-attributable mortal-
ity rates per 100,000 adult population, the death counts in
each subgroup were divided by population counts. Age-
and sex-specific population counts were split by SES using
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the proportions observed in the nationally representative
NIDS data. Death rates were age-standardized using the
WHO reference population [38].
Uncertainty of AAFs and mortality rates was estimated
using Monte Carlo simulations, sampling from the dis-
tribution of each lowest level parameter 100,000 times
[39]. The 95% uncertainty interval (UI) was determined
using the 2.5th and 97.5th percentile of the resulting dis-
tribution of the metric. Taking the uncertainty as
expressed in the standard error of all lowest level met-
rics that enter the calculation of the final estimate into
account, the true point estimate would fall into this
range 95% of the time. This, of course, relies on the as-
sumption that the underlying lowest level metrics follow
the assumed (usually normal or binomial) distribution.
Results
Alcohol consumption and AAFs
The prevalence of current drinking decreased from high
to low SES, and persons of lower SES were more likely
to be lifetime abstainers (Table 1). However, the grams
of pure alcohol consumed among current drinkers de-
creased from low to high SES and the prevalence of
binge drinking was highest in the middle SES group,
followed by the lowest SES group, particularly among
men.
AAFs for major causes of death are shown in Fig. 2,
for details see Additional file 1: Tables S3 and S4.
Among men, socioeconomic differences in AAFs were
pronounced. Particularly among the middle and older
age group (35+), men of middle and low SES had higher
AAFs for outcomes such as HIV/AIDS, tuberculosis, in-
juries, liver cirrhosis, or pancreatitis. For other out-
comes, such as cardiovascular diseases, the AAFs were
very similar between SES groups. Across SES groups,
middle-aged men (35–54) had the highest AAFs. Among
women, the socioeconomic pattern was more complex
and differences were more pronounced in the youngest
age group (15–34). In the latter, women of high SES
showed elevated AAFs for some outcomes such as liver
cirrhosis, epilepsy, hemorrhagic stroke, and some can-
cers. However, middle-aged women (35–54) of low SES
showed higher AAFs for HIV/AIDS, ischemic stroke, tu-
berculosis, and pancreatitis.
Alcohol-attributable mortality
Overall, approximately 62,300 (95% UI 27,000–103,000)
adults died from alcohol-attributable causes of death in
South Africa in 2015 (Table 1). With a total of approxi-
mately 529,400 deaths from all causes in 2015 [40],
roughly one in ten deaths was attributable to alcohol
use. Roughly 60% of all alcohol-attributable deaths
(~39,300 deaths, 95% UI 13,800–71,200) occurred in the
low SES group. About a quarter (~17,000 deaths, 95%
UI 6600–31,900) occurred in the middle SES group, and
roughly 15% (~9000 deaths, 95% UI 3100–17,000) in the
high SES group (Table 1). In the high SES group, deaths
due to chronic diseases constituted the largest subcat-
egory of alcohol-attributable deaths (~4200 deaths, 95%
UI 900–8800). In the middle SES group, chronic (~6200
deaths, 95% UI 1600–13,100) and infectious diseases
(~5900 deaths, 95% UI 1900–11,700) contributed approxi-
mately the same number of deaths. In the low SES group,
the majority of the alcohol-attributable deaths (~24,800
deaths, 95% UI 7000–46,700) occurred due to infectious
diseases. The age distribution of all alcohol-attributable
deaths by SES and sex is shown in Fig. 3.
Cause-specific, age-standardized rates of alcohol-at-
tributable mortality (deaths per 100,000 adults) are shown
in Fig. 4 (for complete results see Additional file 1: Table
S5). Overall, the age-standardized mortality rate from all
alcohol-attributable deaths was 727 (95% UI 354–1208)
deaths per 100,000 adults in the low, 377 (95% UI 165–
687) deaths per 100,000 adults in the middle, and 163
(95% UI 71–289) deaths per 100,000 adults in the high
SES group. Thus, persons of low SES had an approxi-
mately 4.5-fold alcohol-attributable mortality rate com-
pared to persons of high SES. For persons of middle SES,
the alcohol-attributable mortality rate was 1.9 times higher
than for persons of high SES. This compares to HRs of
all-cause mortality of 2.73 (95% CI 2.30–3.24) for low
compared to high SES and 2.07 (95% CI 1.74–2.46) for
middle compared to high SES (Additional file 1: Table S2).
Sensitivity analysis
The complete analysis was repeated using HRs from the
DSA data that were based on an asset score that was not
projected onto the national distribution. Overall, the
sensitivity analysis confirmed the findings of the main
analysis. However, as could be expected, the socioeco-
nomic differences were less pronounced, with a total of
approximately 12,500 deaths (95% UI 4400–20,900) in
the high, 17,200 deaths (95% UI 8500–27,200) in the
middle, and 32,600 deaths (95% UI 13100–55,000) in the
low SES group. This corresponded to approximately
20%, 28%, and 52% of all alcohol-attributable deaths
occurring in the high, middle, and low SES groups,
respectively. Detailed results of the sensitivity analyses
are shown in Additional file 1: Table S6 and Figures
S2 and S3.
Discussion
This study was the first to quantify alcohol-attributable
mortality in South Africa by SES, thereby adding an im-
portant dimension to previous analyses of mortality and
health burden associated with alcohol use [14, 41]. Fur-
thermore, this study included deaths from HIV/AIDS,
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which has not been taken into account in previous
analyses.
As expected, a lower SES was associated with a clearly
elevated mortality rate from alcohol-attributable causes
of death. Given the distribution of the race groups across
socioeconomic strata, the elevated mortality burden in
the low and middle SES groups was largely experienced
by black African as well as other non-white population
groups.
For deaths from infectious diseases such as HIV/AIDS,
tuberculosis, and lower respiratory infections, the socioeco-
nomic differences in the alcohol-attributable mortality
rates were particularly wide. These findings are in line with
the results of a recent review and meta-analysis investigat-
ing the associations between alcohol-attributable morbidity
and mortality and SES [42]. Further, a recent study from
South Africa also found a higher contribution of alcohol
use to socioeconomic differences for self-reported diagno-
ses of tuberculosis and a relatively lower contribution to
diagnoses of diabetes, stroke, or cancer [43].
AAFs were overall elevated for people of low and mid-
dle SES, particularly among men. The socioeconomic
differences were much less pronounced (and even
inverted among women) in the youngest age group (15–
34 years). This reflected more similar drinking patterns
between persons of low, middle, and high SES in youn-
ger ages. Overall, the elevated AAFs for persons of low
and middle SES arose from the higher prevalence of
binge drinking and higher levels of alcohol use as com-
pared to the prevalence of current drinking per se. The
latter was consistently higher among people of high SES.
The findings regarding the SES distribution of drinking
patterns were in line with other recent evidence from
South Africa [9].
Previous research using individual data on SES, expos-
ure to alcohol use, and cause-specific morbidity or mor-
tality showed that persons of lower SES carry a higher
risk for alcohol-attributable harm even after adjusting
for patterns of alcohol use [44] as well as other risk be-
havior [45]. The phenomenon that persons of lower SES
often carry a higher health burden despite lower levels
of alcohol consumption [46–49] has become known as
the ‘alcohol harm paradox’ [50]. As SES-specific risk
functions were not taken into account in the present
Fig. 2 Alcohol-attributable fractions (AAFs) among women (top) and men (bottom) by socioeconomic status (SES), age, and cause of death.
Estimates for South Africa in 2015
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study (with the exception of HIV/AIDS for which inter-
action effects between SES and alcohol use were
accounted for [25, 26]), the reported estimates can, over-
all, be seen as conservative with respect to the socioeco-
nomic differences in AAFs.
The estimate of about one in ten deaths being attribut-
able to alcohol in South Africa in 2015 was higher than
the estimate from a previous analysis from South Africa
(~7% of all deaths in 2000) [14] as well as the current esti-
mate of the Global Burden of Disease study (~6% of all
deaths in 2015) [41]. This can be explained by the in-
clusion of additional causes of death, most promin-
ently HIV/AIDS, as well as the use of a mortality
envelope (i.e., deaths from all risk factors have to add
up to the total deaths observed) in the Global Burden
of Disease study.
Strengths and limitations
This study applied a rigorous methodology using the
most up to date data available to estimate nationally rep-
resentative alcohol-attributable mortality rates for all
major causes of death known to be causally attributable
to alcohol use by age, sex, and SES.
A main limitation of the study relates to the assess-
ment of alcohol exposure in each sociodemographic sub-
group. Even though binge drinking and heavy alcohol
use are known to be highly prevalent in South Africa
[51–53], estimates of over 60 g of pure alcohol per day,
on average, are very high. The high levels of consump-
tion among current drinkers could have resulted from a
low coverage of alcohol use that has been observed for
all major, nationally representative surveys in South Af-
rica in recent years [36]. The triangulation technique,
Fig. 3 Stacked age distribution of all alcohol-attributable deaths attributable by socioeconomic status (SES) and sex. Estimates for South Africa in
2015. Age was truncated at 70 years
Probst et al. BMC Medicine  (2018) 16:97 Page 7 of 11
used to estimate the ‘true’ exposure to alcohol, relied on
nationally representative estimates of the prevalence of
alcohol use in each subgroup and relative levels of alco-
hol use between subgroups [37]. Consequently, a under-
estimation of the prevalence of current alcohol use
based on the survey data could have led to an overesti-
mation of the levels of alcohol use among current
drinkers.
Underreporting and denial of alcohol use due to
stigma or memory bias, a high prevalence of heavy and
irregular drinking patterns, systematic non-observation
of heavy alcohol use due to the sampling frame, and se-
lective non-response were identified as potential causes
of the low coverage [54–58]. Recent research estimated
that 93% of the alcohol used in Pretoria, South Africa,
was consumed in heavy drinking occasions, a drinking
pattern that likely contributed to the low coverage [59].
The latter study also used a much more elaborate assess-
ment of alcohol use, which led to considerably higher
levels of consumption among current drinkers compared
to the assessment in large nationally representative sur-
veys [53].
As a consequence of the low coverage, AAFs could
have been overestimated for some causes of death such
as cardiovascular diseases [60], liver cirrhosis [61], or
pancreatitis [62], with risk functions that are sensitive to
high levels of consumption. At the same time, the
potential underestimation of the prevalence of current
alcohol use could have led to an underestimation of
AAFs for causes of death with flatter risk curves and an
elevated risk at low levels of consumption such as can-
cers [63] or lower respiratory infections [64].
As nationally representative cause of death data in-
cluding reliable information on the SES of the deceased
are not available, HRs were used to split the deaths into
the three SES groups. Using the projected asset score re-
lied on the assumption that the population of the DSA
was representative of the rural and periurban population
in Kwazulu-Natal as assessed in the nationally represen-
tative survey.
The HRs used for splitting deaths by SES were not
age and sex specific, but rather adjusted for age and
sex. However, previous studies did not find systematic
sex differences in the socioeconomic gradients of
cause-specific mortality that could have led to an
over- or underestimation of deaths in a specific socio-
demographic group [65].
Uncertainty of all estimates was estimated using a Monte
Carlo approach. While this is in line with current standards,
the intervals depend on the assumed distributions. An al-
ternative approach for future research could be a systematic
analysis of the variation in the resulting point estimates
when using plausible extreme values of the lowest level pa-
rameters similar to a Latin Hypercube approach [66].
Fig. 4 Age-standardized mortality rates per 100,000 attributable to alcohol consumption. Estimates for South Africa in 2015 by socioeconomic
status (SES), cause of death, and sex. LRI lower respiratory infections
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Implications
There are a series of effective policy measures to prevent
alcohol-attributable harm such as limitations of availability
and affordability of alcohol, restrictions of alcohol-market-
ing, and improvement of the healthcare system [67–69].
However, such broad brushed measures might fail to ad-
dress the causes of death found to be most relevant as well
as the high risk groups identified in the current study.
When considering alcohol policies in South Africa, it
should be taken into account that approximately 23% of
the total alcohol consumed in South Africa in 2015 was
unrecorded [70]. It is likely that the lion’s share of unre-
corded alcohol is consumed by people of lower SES [71].
This means that policies and interventions targeting the
consumption of unrecorded alcohol might be more suit-
able for reducing alcohol-attributable harm in people of
low SES than the national alcohol policies listed above.
Furthermore, policies could address drinking venues fre-
quented by people of low SES, such as unlicensed alco-
hol outlets, also called shebeens [72]. Even when selling
recorded alcohol, shebeens often operate outside the
legal market, and policy measures to restrict availability
and hours of sales do not reach unlicensed shebeens or
their customers.
There have been attempts to integrate shebeens into the
legal market; however, the owners are often not able to af-
ford license fees and related taxes or apply the required
changes to adhere to the guidelines or they are situated in
areas not zoned for business use [73, 74]. The current pol-
itical strategy seems to focus on police raids, confiscations
of liquor, and closing down of unlicensed outlets [73, 74].
However, this practice fails to acknowledge the economic
and social importance shebeens have for owners and cus-
tomers [72]. Drivdal and Lawhon [74] proposed a plural
regulation of shebeens based on a concerted effort of com-
munity leaders, shebeen owners, and residents, which
could be the first step towards enforcement of closing
hours, prevention of sales to minors and intoxicated
people, and reduction of violence in and around she-
beens [75].
Targeted interventions on HIV transmissions under
the influence of alcohol are another approach to prevent
alcohol-attributable mortality and related socioeconomic
differences. Alcohol-related HIV risk-reduction interven-
tions, targeted at drinkers in under-resourced areas, have
been shown to be effective in reducing unprotected
intercourse under the influence of alcohol [76]. Alterna-
tively, HIV/AIDS risk reduction counseling and brief in-
terventions could be targeted at drinkers in sexually
transmitted infections clinics and more broadly in pri-
mary healthcare clinics and trauma units [77].
Apart from interventions that address alcohol use and
drinking environments of people of low SES, socioeco-
nomic differences can be addressed on a structural level
[4]. Healthy communities require living environments
with affordable housing, clean water, sanitation and elec-
tricity, infrastructure and public transit, access to educa-
tion and healthcare, and safe opportunities to spend
leisure time [78, 79]. Marmot et al. suggested that
“health and health equity might not be the aim of all so-
cial and economic policies, but they will be a fundamen-
tal result” ([79], p. 1661). Therefore, all policies should
be evaluated with respect to their potential effects on
health and its respective inequalities.
Conclusion
This study corroborated the notion that there is substan-
tial heterogeneity in alcohol-attributable mortality by
SES. The findings of this, as well as similar studies, can
inform resource allocation for preventive measures and
interventions in order to target causes of death with the
highest disparities and persons that are at highest risk of
a premature death. Addressing alcohol use and related
risk behavior in low-income areas is a feasible approach
to reducing socioeconomic differences in mortality.
Additional file
Additional file 1: Supplementary information and findings. (PDF 816 kb)
Abbreviations
AAFs: Alcohol-attributable fractions; CI: Confidence interval; DSA: Demographic
Surveillance Area; HR: Hazard ratio; NIDS: National Income Dynamics Study;
SES: Socioeconomic status; UI: Uncertainty interval; WHO: World Health
Organization
Acknowledgements
We would like to thank the communities in which the two surveys were
conducted and families who participated in the surveys. We kindly thank the
Africa Centre for Health and Population Studies and the National Income
Dynamics Study (NIDS) for providing us with original data. CP was supported
by the Centre for Addiction and Mental Health, and the German Academic
Scholarship Foundation. CDHP was supported by the South African Medical
Research Council.
Availability of data and materials
The datasets supporting the conclusions of this article are either publicly
available or available on reasonable request. Mortality data were retrieved
from the GHDx, GBD Results Tool [http://ghdx.healthdata.org/gbd-results-
tool] on June 21, 2017, which has been updated since. However, the
respective data can be found in the Web Appendix of the GBD 2015
publication [40]. NIDS data Version 1.1 were downloaded on February 9,
2017, and are available after registration and on reasonable request [https://
www.datafirst.uct.ac.za/dataportal/index.php/catalog/570]. The DSA data
were obtained from the Africa Centre’s Data Repository on July 20, 2015. The
data are available from the Africa Centre (now Africa Health Research
Institute) after registration upon reasonable request [https://www.ahri.org/
research/].
Authors’ contributions
CP had the overall responsibility of all steps, performed the statistical analyses,
and wrote the first draft. JR, CDHP, and HUW supervised the whole working
process and added specific knowledge on comparative risk assessments for
alcohol consumption and on the literature about alcohol consumption and
HIV/AIDS in South Africa. JR contributed to the conceptualization and to the
methodology of the modeling process and the statistical analysis. All authors
refined various drafts of the manuscript and approved the final version.
Probst et al. BMC Medicine  (2018) 16:97 Page 9 of 11
Ethics approval and consent to participate
The study used secondary data exclusively. The analyses conformed to the
principles embodied in the Declaration of Helsinki and ethics approval was
obtained from the Centre for Addiction and Mental Health Research Ethics
Board (CAMH REB; Reference # 117/2016).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Institute for Mental Health Policy Research, Centre for Addiction and Mental
Health (CAMH), 33 Russell Street, Toronto, ON M5S 2S1, Canada. 2Institute for
Clinical Psychology and Psychotherapy, Technische Universität Dresden,
Chemnitzer Str. 46, 01187 Dresden, Germany. 3Alcohol, Tobacco and Other
Drug Research Unit, South African Medical Research Council, Cape Town,
Tygerberg 7505, South Africa. 4Department of Psychiatry, Stellenbosch
University, Cape Town, Tygerberg 7505, South Africa. 5Research Group
Clinical Psychology and Psychotherapy, Psychiatric University Hospital,
Ludwig-Maximilians-University, Nußbaumstraße 7, 80336 Munich, Germany.
6Addiction Policy, Dalla Lana School of Public Health, University of Toronto,
155 College Street, Toronto, ON M5T 3M7, Canada. 7Institute of Medical
Science, University of Toronto, Faculty of Medicine, Medical Sciences
Building, 1 King’s College Circle, Toronto, ON M5S 1A8, Canada. 8Department
of Psychiatry, University of Toronto, 250 College Street, Toronto, ON M5T 1R8,
Canada.
Received: 1 October 2017 Accepted: 18 May 2018
References
1. Deaton A. The Great Escape: Health, Wealth, and the Origins of Inequality.
Princeton: Princeton University Press; 2013.
2. Milanovic B. Global Inequality. Cambridge: Harvard University Press; 2016.
3. Marmot M. The Health Gap: The Challenge of an Unequal World. London:
Bloomsbury Publishing; 2015.
4. Commission on Social Determinants of Health. Closing the Gap in a
Generation: Health Equity through Action on the Social Determinants of
Health. Geneva: World Health Organization; 2008.
5. Probst C, Roerecke M, Behrendt S, Rehm J. Socioeconomic differences in
alcohol-attributable mortality compared to all-cause mortality: a systematic
review and meta-analysis. Int J Epidemiol. 2014;43(4):1314–27.
6. Mackenbach JP, Kulhánová I, Bopp M, Borrell C, Deboosere P, Kovács K,
Looman CWN, Leinsalu M, Mäkelä P, Martikainen P, et al. Inequalities in
alcohol-related mortality in 17 European countries: a retrospective analysis
of mortality registers. PLoS Med. 2015;12(12):e1001909.
7. World Bank Development Research Group. World Development Indicators.
2017. [ http://databank.worldbank.org/data/reports.aspx?source=world-
development-indicators ]. Accessed 23 Aug 2017.
8. Leibbrandt M, Finn A, Woolard I. Describing and decomposing post-
apartheid income inequality in South Africa. Dev South Afr. 2012;29(1):19–34.
9. National Department of Health, Statistics South Africa, South African
Medical Research Council, ICF. South Africa Demographic and Health Survey
2016: Key Indicator Report. Pretoria: NDoH, Stats SA, SAMRC, and ICF; 2017.
10. World Health Organization. Global Status Report on Alcohol and Health.
Geneva: World Health Organization; 2014.
11. Mackenbach JP, Kunst AE, Cavelaars A, Groenhof F, Geurts JJM, Andersen O,
Bonte JTP, Borgan JK, Crialesi R, Desplanques G, et al. Socioeconomic
inequalities in morbidity and mortality in western Europe. Lancet. 1997;
349(9066):1655–9.
12. Mackenbach JP, Bopp M, Deboosere P, Kovacs K, Leinsalu M, Martikainen P,
Menvielle G, Regidor E, de Gelder R. Determinants of the magnitude of
socioeconomic inequalities in mortality: A study of 17 European countries.
Health Place. 2017;47(Supplement C):44–53.
13. Case A, Deaton A. Rising morbidity and mortality in midlife among white
non-Hispanic Americans in the 21st century. Proc Natl Acad Sci. 2015;
112(49):15078–83.
14. Schneider M, Norman R, Parry CDH, Bradshaw D, Pluddemann A, South
African Comparative Risk Assessment Collaborating Group. Estimating the
burden of disease attributable to alcohol use in South Africa in 2000. S Afr
Med J. 2007;97:664–72.
15. Gakidou E, Afshin A, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-
Allah F, Abdulle AM, Abera SF, Aboyans V, et al. Global, regional, and
national comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks, 1990-2016: a
systematic analysis for the global burden of disease study 2016. Lancet.
2017;390(10100):1345–422.
16. Ezzati M, Lopez AD, Rodgers A, Murray CJL, editors. Comparative Quantification
of Health Risks: Global and Regional Burden of Disease Attributable to Selected
Major Risk Factors. Geneva: World Health Organization; 2004.
17. Pillay-van Wyk V, Msemburi W, Laubscher R, Dorrington RE, Groenewald P,
Glass T, Nojilana B, Joubert JD, Matzopoulos R, Prinsloo M, et al. Mortality
trends and differentials in South Africa from 1997 to 2012: second National
Burden of disease study. Lancet Glob Health. 2016;4(9):e642–53.
18. Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey SG. Indicators of
socioeconomic position (part 1). J Epidemiol Community Health. 2006;60(1):
7–12.
19. Booysen F, van der Berg S, Burger R, Maltitz MV, Rand GD. Using an asset
index to assess trends in poverty in seven sub-Saharan African countries.
World Dev. 2008;36(6):1113–30.
20. Rutstein SO, Johnson K. The DHS Wealth Index, DHS Comparative Reports
No. 6. ORC Macro: Calverton; 2004.
21. Greenacre MJ. Theory and Applications of Correspondence Analysis.
London: Academic Press; 1984.
22. Traissac P, Martin-Prevel Y. Alternatives to principal components analysis to
derive asset-based indices to measure socio-economic position in low- and
middle-income countries: the case for multiple correspondence analysis. Int
J Epidemiol. 2012;41(4):1207–8.
23. Rehm J, Gmel GE, Gmel G, Hasan OSM, Imtiaz S, Popova S, Probst C,
Roerecke M, Room R, Samokhvalov AV, et al. The relationship between
different dimensions of alcohol use and the burden of disease — an
update. Addiction. 2017;112(6):968–1001.
24. Rehm J, Sherk A, Shield KD, Gmel G. Risk Relations between Alcohol Use
and Non-Injury Causes of Death. Version 2: June 2017. Toronto: Centre for
Addiction and Mental Health; 2017.
25. Probst C, Simbayi LC, Parry CDH, Shuper PA, Rehm J. Alcohol use,
socioeconomic status and risk of HIV infections. AIDS Behav. 2017;21(7):1926–37.
26. Probst C, Parry CDH, Rehm J. HIV/AIDS mortality attributable to alcohol use
in South Africa: A comparative risk assessment by socioeconomic status.
BMJ Open. 2018;8:e017955
27. Southern Africa Labour and Development Research Unit. National Income
Dynamics Study 2014–2015, Wave 4. Southern Africa Labour And
Development Research Unit, Version 1.1 edn. Cape Town: DataFirst; 2016.
28. World Health Organization. Global Information System on Alcohol and
Health. 2016. [ http://apps.who.int/gho/data/node.main.GISAH ].
Accessed 10 Mar 2017.
29. Rehm J, Kehoe T, Gmel G, Stinson F, Grant B, Gmel G. Statistical modeling of
volume of alcohol exposure for epidemiological studies of population
health: the US example. Popul Health Metr. 2010;8:3.
30. Tanser F, Hosegood V, Barnighausen T, Herbst K, Nyirenda M, Muhwava W,
Newell C, Viljoen J, Mutevedzi T, Newell M-L. Cohort profile: Africa Centre
demographic information system (ACDIS) and population-based HIV survey.
Int J Epidemiol. 2008;37(5):956–62.
31. Muhwava W, Nyirenda M, Mutevedzi T, Herbst AJ, Hosegood V. Operational
and Methodological Procedures of the Africa Centre Demographic
Information System - Monograph Series No. 1. Mtubatuba: Africa Centre for
Health and Population Studies; 2007.
32. Byass P, Fottrell E, Dao LH, Berhane Y, Corrah T, Kahn K, Muhe L, Do DV.
Refining a probabilistic model for interpreting verbal autopsy data. Scand J
Public Health. 2006;34(1):26–31.
33. Institute for Health Metrics and Evaluation. Global Burden of Disease Study
2015 Results. 2016. [ http://ghdx.healthdata.org/gbd-results-tool ].
Accessed 21 June 2017.
34. Statistics South Africa. Community survey 2016 statistical release. Pretoria:
Statistics South Africa; 2016.
Probst et al. BMC Medicine  (2018) 16:97 Page 10 of 11
35. Dawson DA. Methodological issues in measuring alcohol use. Alcohol Res
Health. 2003;27(1):18–29.
36. Probst C, Shuper PA, Rehm J. Coverage of alcohol consumption by national
surveys in South Africa. Addiction. 2016;112:705–10.
37. Kehoe T, Gmel G, Shield KD, Gmel G, Rehm J. Determining the best
population-level alcohol consumption model and its impact on estimates of
alcohol-attributable harms. Popul Health Metr. 2012;10:6.
38. Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M. Age
Standardization of Rates: A New WHO Standard. Geneva: World Health
Organization; 2001.
39. Gmel G, Shield KD, Frick H, Kehoe T, Gmel G, Rehm J. Estimating uncertainty
of alcohol-attributable fractions for infectious and chronic diseases. BMC
Med Res Methodol. 2011;11(5):48.
40. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, Casey DC,
Charlson FJ, Chen AZ, Coates MM, et al. Global, regional, and national life
expectancy, all-cause mortality, and cause-specific mortality for 249 causes
of death, 1980-2015: a systematic analysis for the global burden of disease
study 2015. Lancet. 2016;388(10053):1459–544.
41. Forouzanfar MH, Afshin A, Alexander LT, Anderson HR, Bhutta ZA, Biryukov
S, Brauer M, Burnett R, Cercy K, Charlson FJ, et al. Global, regional, and
national comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks, 1990-2015: a
systematic analysis for the global burden of disease study 2015. Lancet.
2016;388(10053):1659–724.
42. Jones L, Bates G, McCoy E, Bellis MA. Relationship between alcohol-
attributable disease and socioeconomic status, and the role of alcohol
consumption in this relationship: a systematic review and meta-analysis.
BMC Public Health. 2015;15:400.
43. Mukong AK, Van Walbeek C, Ross H. Lifestyle and income-related inequality
in health in South Africa. Int J Equity Health. 2017;16(1):103.
44. Mäkelä P, Paljärvi T. Do consequences of a given pattern of drinking vary by
socioeconomic status? A mortality and hospitalisation follow-up for alcohol-
related causes of the Finnish drinking habits surveys. J Epidemiol
Community Health. 2008;62(8):728–33.
45. Katikireddi SV, Whitley E, Lewsey J, Gray L, Leyland AH. Socioeconomic
status as an effect modifier of alcohol consumption and harm: analysis of
linked cohort data. Lancet Public Health. 2017;2(6):e267–76.
46. Peltzer K, Davids A, Njuho P. Alcohol use and problem drinking in South
Africa: findings from a national population-based survey. Afr J Psychiatry.
2011;14(1):30–7.
47. Parry CDH. South Africa: alcohol today. Addiction. 2005;100(4):426–9.
48. Giskes K, Turrell G, Bentley R, Kavanagh A. Individual and household-
level socioeconomic position is associated with harmful alcohol
consumption behaviours among adults. Aust N Z J Public Health. 2011;
35(3):270–7.
49. Bloomfield K, Grittner U, Kramer S, Gmel G. Social inequalities in alcohol
consumption and alcohol-related problems in the study countries of the EU
concerted action ‘gender, culture and alcohol problems: a multi-national
study’. Alcohol Alcohol. 2006;41:I26–36.
50. Bellis MA, Hughes K, Nicholls J, Sheron N, Gilmore I, Jones L. The alcohol
harm paradox: using a national survey to explore how alcohol may
disproportionately impact health in deprived individuals. BMC Public Health.
2016;16:111.
51. Parry CDH, Pluddemann A, Steyn K, Bradshaw D, Norman R, Laubscher R.
Alcohol use in South Africa: findings from the first demographic and health
survey (1998). J Stud Alcohol. 2005;66(1):91–7.
52. Morojele NK, Ramsoomar L. Addressing adolescent alcohol use in South
Africa. S Afr Med J. 2016;106:551–3.
53. Parry CDH, Trangenstein P, Lombard C, Jernigan DH, Morojele NK. Support
for alcohol policies from drinkers in the City of Tshwane, South Africa: Data
from the International Alcohol Control study. Drug Alcohol Rev. 2017; Epub
ahead of print
54. Lahaut VM, Jansen HA, van de Mheen D, Garretsen HF. Non-response bias
in a sample survey on alcohol consumption. Alcohol Alcohol. 2002;37(3):
256–60.
55. Gmel G, Rehm J. Measuring alcohol consumption. Contemp Drug Probl.
2004;31(3):467–540.
56. Gorman E, Leyland AH, McCartney G, White IR, Katikireddi SV, Rutherford L,
Graham L, Gray L. Assessing the representativeness of population-sampled
health surveys through linkage to administrative data on alcohol-related
outcomes. Am J Epidemiol. 2014;180(9):941–8.
57. Gorman E, Leyland AH, McCartney G, Katikireddi SV, Rutherford L, Graham L,
Robinson M, Gray L. Adjustment for survey non-representativeness using
record-linkage: refined estimates of alcohol consumption by deprivation in
Scotland. Addiction. 2017;112(7):1270–80.
58. Meiklejohn J, Connor J, Kypri K. The effect of low survey response rates on
estimates of alcohol consumption in a general population survey. PLoS
One. 2012;7(4):e35527.
59. Cuong PV, Casswell S, Parker K, Callinan S, Chaiyasong S, Kazantseva E, Meier
P, MacKintosh AM, Piazza M, Gray-Phillip G, et al. Cross-country comparison
of proportion of alcohol consumed in harmful drinking occasions using the
international alcohol control study. Drug Alcohol Rev. 2018; Epub ahead of
print. https://doi.org/10.1111/dar.12665.
60. Rehm J, Shield KD, Roerecke M, Gmel G. Modelling the impact of alcohol
consumption on cardiovascular disease mortality for comparative risk
assessments: an overview. BMC Public Health. 2016;16:363.
61. Rehm J, Taylor B, Mohapatra S, Irving H, Baliunas D, Patra J, Roerecke M.
Alcohol as a risk factor for liver cirrhosis: a systematic review and meta-
analysis. Drug Alcohol Rev. 2010;29(4):437–45.
62. Samokhvalov AV, Rehm J, Roerecke M. Alcohol consumption as a risk factor
for acute and chronic pancreatitis: a systematic review and a series of meta-
analyses. EBioMedicine. 2015;2(12):1996–2002.
63. Bagnardi V, Rota M, Botteri E, Tramacere I, Islami F, Fedirko V, Scotti L, Jenab M,
Turati F, Pasquali E, et al. Alcohol consumption and site-specific cancer risk: a
comprehensive dose-response meta-analysis. Br J Cancer. 2015;112(3):580–93.
64. Samokhvalov AV, Irving HM, Rehm J. Alcohol consumption as a risk factor
for pneumonia: a systematic review and meta-analysis. Epidemiol Infect.
2010;138(12):1789–95.
65. Kabudula CW, Houle B, Collinson MA, Kahn K, Gómez-Olivé FX, Tollman S,
Clark SJ. Socioeconomic differences in mortality in the antiretroviral therapy
era in Agincourt, rural South Africa, 2001–13: a population surveillance
analysis. Lancet Glob Health. 2017;5(9):e924–35.
66. Stein M. Large sample properties of simulations using Latin hypercube
sampling. Technometrics. 1987;29(2):143–51.
67. Anderson P, Chisholm D, Fuhr DC. Effectiveness and cost-effectiveness of
policies and programmes to reduce the harm caused by alcohol. Lancet.
2009;373(9682):2234–46.
68. Babor T, Caetano R, Casswell S, Edwards G, Giesbrecht N, Graham K, Grube
J, Hill L, Holder H, Homel R, et al. Alcohol: No Ordinary Commodity:
Research and Public Policy. Oxford: Oxford University Press; 2010.
69. World Health Organization. Global Strategy to Reduce the Harmful Use of
Alcohol. Geneva: World Health Organization; 2010.
70. Probst C, Manthey J, Merey A, Rylett M, Rehm J. Unrecorded alcohol use: a
global modelling study based on nominal group assessments and survey
data. Addiction. Epub ahead of print. https://doi.org/10.1111/add.14173.
71. Rehm J, Kailasapillai S, Larsen E, Rehm MX, Samokhvalov AV, Shield KD,
Roerecke M, Lachenmeier DW. A systematic review of the epidemiology of
unrecorded alcohol consumption and the chemical composition of
unrecorded alcohol. Addiction. 2014;109(6):880–93.
72. Charman AJE, Petersen LM, Govender T. Shebeens as spaces and places of
informality, enterprise, drinking and sociability. S Afr Geogr J. 2014;96(1):31–49.
73. Parry CDH. Alcohol policy in South Africa: a review of policy development
processes between 1994 and 2009. Addiction. 2010;105(8):1340–5.
74. Drivdal L, Lawhon M. Plural regulation of shebeens (informal drinking
places). S Afr Geogr J. 2014;96(1):97–112.
75. Drivdal L. Community leadership in urban informal neighbourhoods: micro-
politics and micro-Administration in Informal Settlements in cape town.
Urban Forum. 2016;27(3):275–95.
76. Kalichman SC, Simbayi LC, Cain D, Carey KB, Carey MP, Eaton L, Harel O,
Mehlomakhulu V, Mwaba K. Randomized community-level HIV prevention
intervention trial for men who drink in south African alcohol-serving
venues. Eur J Pub Health. 2014;24(5):833–9.
77. Kalichman SC, Simbayi LC, Vermaak R, Cain D, Jooste S, Peltzer K. HIV/AIDS
risk reduction counseling for alcohol using sexually transmitted infections
clinic patients in cape town, South Africa. J Acquir Immune Defic Syndr.
2007;44(5):594–600.
78. Brown-Luthango M, Reyes E, Gubevu M. Informal settlement upgrading and
safety: experiences from cape town, South Africa. J Housing Built Environ.
2017;32(3):471–93.
79. Marmot M, Friel S, Bell R, Houweling TAJ, Taylor S. Closing the gap in a
generation: health equity through action on the social determinants of
health. Lancet. 2008;372(9650):1661–9.
Probst et al. BMC Medicine  (2018) 16:97 Page 11 of 11
